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A B S T R A C T   

The persistence of SARS-CoV-2 or its RNA on surfaces, points, or wastewaters may increase the risk of trans-
mission of this virus. Therefore, we conducted this review to discuss the places and surfaces with the highest 
potential for infection and spread of the SARS-CoV-2 virus. Several common and public areas, hospitals, ele-
vators, public transport, local markets, and surfaces such as public toilets, door handles, untreated and treated 
wastewaters, wastewater plants, and public washrooms are also considered major points for spreading of SARS- 
CoV-2. Highly contaminated surfaces or places often have materials or contain items made of materials on which 
the SARS-CoV-2 virus can persist (e.g., metal, wood, and plastic). For example, SARS-CoV-2 can exist up to 4 days 
on doorknobs made by those materials. For public places such as public transports, elevators, and local markets, 
crowding and enclosed spaces are major source for transmission. Several measures such as using copper alloy 
surfaces instead of metal surfaces, disinfectants, and suitable personal protective equipment have been sug-
gested. Our research could be the basis to help develop studies on the existence and transmissibility of SARS-CoV- 
2 as well as its RNA to take measures to prevent and limit the harmful effects of COVID-19 pandemic.   

1. Introduction 

The World Health Organization (WHO) has declared the severe acute 
respiratory syndrome coronavirus 2 (SARS-CoV-2) as a pandemic, and 
the disease has been named as COVID-19. COVID-19 has been consid-
ered a worldwide public health crisis since the early days of 2020 at a 
local wet market in Wuhan City, Hubei, China [1]. All the cases were 
reported with similar symptoms: fever, dyspnea, dry cough, and bilat-
eral lung infiltration on radiographs [2]. This virus then quickly spread 
throughout mainland China and the rest of the world, and it infected 
millions and caused thousands of deaths globally. Until now, 
SARS-CoV-2 continues to spread, and more variants have been 
confirmed. 

Due to the spike-like structure of the virus, it is easy for SARS-CoV-2 
to mutate [3]. As of today, the WHO has classified the SARS-CoV-2 

variants into variants of concern (VOCs) and variants of interest 
(VOIs) [4]. The VOIs consists of Eta (B.1.525), Iota (B.1.526), Kappa 
(B.1.617.1) and Lambda (C.37). In contrast, the VOCs consist of Alpha 
(B.1.1.7), Beta (B.1.351), Gamma (P.1), Delta (B.1.617.2), and most 
recently, Omicron (B.1.1.529) [5]. Both VOCs and VOIs have been 
proven to increase transmissibility, mortality and reduce the effective-
ness of vaccines, as well as therapies [6]. 

The SARS-CoV-2 is believed to majorly spread from person to person 
with direct contact [7]. As reported by the United States Center for 
Disease and Control (CDC) [8], there are three primary ways of how 
SARS-CoV-2 spreads among people, which are (1) a person can be 
infected with SARS-CoV-2 when they breathe the nearby air of the 
infected person who is exhaling the small particles and droplets that 
have the viruses. (2) Infections can also occur from tiny droplets of the 
virus on the mouth, eyes, noses, primarily through splashes and spray 
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like a sneeze or a cough, and (3) a person can also be infected when 
touching their eyes, noses, mouths with hands that contain the virus [2]. 
Furthermore, the COVID-19 can also spread from points, surfaces, and 
wastewater, which is a suitable environment for the half-life of the virus 
to survive and develop. 

Despite the known spread, COVID-19 still poses threats as their 
particles tend to highly accumulate in public places [9–20]. As we all 
know, a point is a spot where the virus can reside and spread, while a 
surface is a whole area where the virus stays. These places include door 
handles in public areas, public bathrooms, hospitals, medical centers, 
factories and industrial zones, public transports, public elevators, and 
local markets. Furthermore, the waste and wastewater services are po-
tential ramifications of the COVID-19, thus monitoring viral RNA in 
wastewater may be useful to evaluate and control the prevalence of this 
disease [21]. Understanding how this virus spreads in these areas is 
important in managing and preventing the pandemic. In this review, we 
highlight recent studies that discuss the highest contaminated places and 
surfaces of the SARS-CoV-2 infections and spreading that should be 
taken care for preventing COVID-19. By this research, we hope health 
officials pay more attention to these routes of infections and diminish 
the exposure rate to lower COVID-19 cases in near future. 

2. High-risk-contaminated points and surfaces for SARS-CoV-2 

2.1. Door handles 

It is believed that the virus only passed on directly by droplets 
through coughing or sneezing from person to person, but evidence has 
shown the virus may pass by inanimate objects due to its long half-life 
even after leaving the patient’s body. Evidence showed that they 
could be a chain passed on by inanimate objects as the viruses can 
survive for a long period of time after leaving the patients’ bodies. These 
viruses are delivered either by direct exposure to patients’ droplets or by 
their indirect touch, carrying body fluids with billions of viruses to the 
surface. One of the most frequently touched objects universally used by 
everyone in households and public locations is door handles (or door-
knobs). They can be highly potential fomites. Research showed that the 
virus could survive up to 5 days on metal, up to 4 days on wood, and up 
to 9 days on plastic [22]. Metal, wood, and plastic are common of virus 
spreading. These materials are commonly used to make a door handle or 
doorknob. In buildings, drawers and doorknobs have the most viruses 
[9]. These are contaminated surfaces that can spread viruses easily. In 
hospitals, surfaces, including door handles, have also been reported due 
to the presence of SARS-CoV-2 [10]. In addition, another research that 
scanned patients’ rooms for the existence of SARS-CoV-2 on personal 
belongings, as well as living spaces, have found positive results for 
SARS-CoV-2 on personal belongings as well as living spaces such as door 
handles of toilets [23,24], door handles of patients’ rooms can indicate a 
possibility of viruses on door handles that have been touched or used by 
COVID-19 patients. More specifically, another study suggested that the 
percentage of SARS-CoV-2 positive samples were taken from doorknobs 
is at the rate of 8.3% - the fourth-highest rate of contamination within a 
general COVID-19 ward in a hospital in Wuhan, China [25]. These 
studies might take samples where door handles were used at high fre-
quency. Still, in public places where disinfection is not as frequently 
done, only one chance that viruses on a door handle can lead to the 
further uncontrollable spread of the disease. Research has shown that 
protecting surfaces such as door handles is a way to help seniors reduce 
their exposure to SARS-CoV-2 [26]. Various advice for disinfecting and 
cleaning surfaces have also been issued to reduce the risk of spreading 
viruses in hospitals [27–29]. 

2.2. Public toilets 

Public restrooms represent a significant hazard in the direct human 
transmission of coronavirus. The route of transmission of SARS-CoV-2 is 

via three ways: inhalation of feces and/or aerosol urine from an indi-
vidual who contains SARS-CoV-2; airborne respiratory transmission 
face-to-face our shortly after use among users; or from the transmission 
of fomite through sites of repeated contact such as doorknobs, wash-
basin faucets, ball balls or toilet roll dispensers [13]. A current sys-
tematic review attributed the coronavirus prevalence in hospitals and 
recorded 24% of air samples collected from toilets were tested positive, 
with mean viral RNA concentrations per m3. Air is higher than in any 
other areas that were sampled [30]. Destitute adherence to hand 
cleanliness encourages the survival and determination of hand in-
fections for transmission to self or other planes [31]. Indeed, on the off 
chance that hands are wet washed, they may not essentially be appro-
priately dried, and damp hands can choose microscopic organisms from 
another surface they touch [32]. SARS-CoV-2 can survive on indoor 
natural textures, for example, plastic, glass, stainless steel, ceramics, 
elastic gloves, wood, and surgical veils [14,15]. Infection endures many 
hours later in feces and 3–4 days in pee [14]. Such studies suggest that 
the surface life of virus is sufficient for continued transmission. Dangers 
from toilet surfaces would contact surface sprinkles on can bowls, latrine 
bowls, or other adjacent surfaces. 

While door handles are only objects that anybody within the popu-
lation can touch. Still, a toilet is a closed space within which anyone can 
enter and where most of the excretion related to virus shedding happens. 
There are only a limited number of activities that one can do in a toilet. 
This means that toilets are exposed to many people. Toilet papers, toilet 
covers, toilet seats, washing basins, and of course, door handles of toilets 
are highly considerable [33]. The traces of viruses detected in were a 
study of patients’ ooms, indicating SARS-CoV-2 positive swabs from 
toilets’ door handles, toilets’ surfaces and sink [34]. The statistical sig-
nificance of another study that sampled surfaces in hospitals suggested 
that toilet-related covers have an even higher rate of contamination, and 
samples were taken from the toilet ceiling-exhaust grille. Drainage 
stacks indicated a certain amount of condensed viral loads from aerosols 
that might be from toilet flushing. The contaminated surfaces suggested 
that these viruses may originate from the feces of patients as stool 
samples of patients (with or without diarrheas) are SARS-CoV-2 positive. 
In addition, materials in toilets are often made to be smooth for easy 
cleaning, but this increases the rate of surface-touch transferring [35]. 
Outside the bathrooms of hospitals, a case of transmission between 9 
people in a public restroom was reported [36]. Compared to open spaces 
or rooms where the name does not define their activities, toilets are 
places where people have higher chances virus infections. 

2.3. Hospitals or medical centers 

At the end of February 2020, over 3,000 health workers were 
infected [30]. Hospitals have highest infected-patient density and where 
most samples were taken. Therefore, the dynamics of virus transmission 
should be closely examined to control the spread of COVID-19, with the 
unpredictable behaviors of viruses (spreading even at the asymptomatic 
phase). These people were negative to SARS-CoV-2 that might risk being 
infected by other silent spreaders through the direct contact or exposure 
to fomites [37]. Besides isolation rooms [23], other places could also 
have the possibility of being favorable to the coronavirus. It is easily 
transferred through treatment operations, especially endotracheal 
intubation and bronchoscopy [30,38]. Consequently, aerosol-generating 
procedures for general anesthesia have been reduced to avoid virus 
propagation [39]. In addition, virus can survive on contaminated sur-
faces in hospitals that are transferred to health care workers and spread 
around [40]. Not only is transmission within the same hospital, but 
middle east respiratory syndrome coronavirus (MERS, similar to 
SARS-CoV-2) can also be transmitted from hospital to hospital through 
the movement of cases [41]. This may be the route of transmission of 
SARS-CoV-2. 

A study detected traces of SARS-CoV-2 on the floor in the area where 
no patients presented and on staffs’ shoes [25]. The study also showed 
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traces of SARS-CoV-2 in doctor’s office areas, suggestive warnings for 
more routine disinfection. For nurses’ safety, the presence of viruses was 
also detected on gloves indicating risk factors for cross-contamination, 
so even with the aids of these tools, hand washing after contact with 
patients is still necessary. Doctors or nurses’ communication with pa-
tients for regular checks or communication with staff members (security 
guards, receptionists, or janitors) with a silent carrier and other patients 
is essential for controlling the disease. During the pandemic, the man-
agement plan for pregnant women and cancer patients is an important 
task of the hospital [42,43]. Pregnant women have a high risk of viral 
infections. Infections during pregnancy are found in China [43]. In some 
cases, pregnant women with viral infections, fetal failure and premature 
birth have occurred [44]. The immune system of cancer patients is 
weakened. Therefore, hospital treatment puts patients at twice the risk 
of viral infections. Cancer patients infected with SARS-CoV-2 have a 
worse prognosis [45]. Face masks are recommended to limit the action 
of droplets, however, scarce evidence is available for the effectiveness of 
this method. The studies of swabbing samples from hospitals are good 
evidence of the contagiousness of disease. Still, it can go wilder in other 
public places as regular disinfection routines are not performed. 

2.4. Industries and industrial zones 

Industries and industrial zones are among the locations with a high 
risk of SARS-CoV-2 infection in the community. The increased trans-
mission risk is due to a work culture where workers are in close contact 
[46]. The risk of spread depends on several factors: distance between 
workers, type of contact, duration of contact, other unique elements, 
and many. First, workers often have close physical contact during work, 
break time, changing rooms, etc. Second, the working time is about 8–12 
hours per shift. Third, workers can be exposed to infectious diseases 
from many different sources: respiratory droplets in the air (coughing, 
sneezing) or through tools and work items in common spaces. Finally, 
other factors such as worker accommodation, public transport, etc., also 
increase the risk of SARS-CoV-2 infection to the community. One of the 
clearest examples of the spread of outbreaks in industries and industrial 
zones is in food processing and agricultural companies in the US; 8,978 
employees have been confirmed with COVID-19, 55 workers were re-
ported dead [8]. There is also the case of meat processing workers in 
Nebraska, USA, with 5,002 cases out of 26,000 suspected cases (19% 
attack rate) [47]. Faced with the situation and the risk of contagion, 
OSHA has advised factories, industrial parks, and workers to take pre-
ventive measures while not being vaccinated. Specifically, granting paid 
time off to employees going for vaccination; instructing infected, un-
vaccinated workers to contact the source of the disease and have 
symptoms to stay at home; implementing social distancing in the 
working area, providing masks and protective equipment for workers; 
educating and train workers on COVID 19 policies; maintain ventilation 
system; periodic disinfection and cleaning of working areas; implement 
retaliation protections and establish an anonymous process for workers 
to voice their concerns about hazards related to COVID-19. 

Table 1 
Half-life of the SARS-CoV-2 in the different materials, objects and tools.  

Materials, 
objects and tools 

Ref Half-life of the SARS- 
CoV-2 

The possible surfaces or 
points which are made by 
the materials or include 
the objects and toolsa 

Plastics [89, 
90] 

5.3–6.8 hours Door handles, public 
toilets, hospitals or 
medical centers, factories 
and industrial zones, 
public transports, public 
elevators, and public 
washrooms. 

Polypropylene [91] 9.02, 4.51, 28.75, 75.54 
hours under indoor, 
summer, spring/fall and 
winter conditions, 
respectively 

Door handles, public 
toilets, hospitals or 
medical centers, factories 
and industrial zones, 
public transports, public 
elevators, and public 
washrooms. 

Stainless steel [91, 
92] 

3.41–70.6 hours. In 
54,5 ◦C, the half-life is 
10.8 ± 3.0 min 

Door handles, public 
toilets, hospitals or 
medical centers, factories 
and industrial zones, 
public transports, public 
elevators, and public 
washrooms. 

Galvanized steel [91] 6.93, 4.19, 24.22, 67.21 
hours under indoor, 
summer, spring/fall and 
winter conditions, 
respectively. 

Door handles, public 
toilets, hospitals or 
medical centers, factories 
and industrial zones, 
public transports, public 
elevators, and public 
washrooms. 

Urine [93] 7.89–57.73 hours Public toilets, hospitals 
or medical centers, and 
public washrooms. 

Glass [91] 9.6, 5.58, 27.34, 92.03 
hours under indoor, 
summer, spring/fall, and 
winter, respectively 

Public toilets, hospitals 
or medical centers, 
factories and industrial 
zones, public transports, 
and public washrooms. 

Aerosol [89] 1.1–1.2 hours Public toilets, hospitals 
or medical centers, 
factories and industrial 
zones, public transports, 
local markets, and public 
washrooms. 

Nitrile gloves – 
outer surface 

[91] 11.56, 4.42, 22.94, and 
85.71 hours under 
indoor, summer, spring/ 
fall, and winter 
condition, respectively 

Hospitals or medical 
centers 

Tyvek [91] 9.36, 4.57, 31.82, and 
90.59 hours under 
indoor, summer, spring/ 
fall, and winter 
condition, respectively 

Public toilets, hospitals 
or medical centers, 
factories and industrial 
zones, public transports, 
and public washrooms. 

N95 mask [91] 9.01, 4.4, 27.77, and 
106.37 hours under 
indoor, summer, spring/ 
fall, and winter 
condition, respectively 

Hospitals and medical 
centers 

Cloth [91] 3.5, 2.99, 19.94, and 
47,94 hours under 
indoor, summer, spring/ 
fall, and winter 
condition, respectively 

Public toilets, hospitals 
or medical centers, 
factories and industrial 
zones, public transports, 
local markets, and public 
washrooms. 

Rubber [91] 11.33, 5.03, 28.27, and 
115.74 hours under 
indoor, summer, spring/ 
fall, and winter 
condition, respectively 

Hospitals or medical 
centers 

Wastewater [94] 0.49 day (high titer), 0.64 
day (low titer). 4.6 
minutes (high titer) on 

Wastewater plants, 
public washrooms  

Table 1 (continued ) 

Materials, 
objects and tools 

Ref Half-life of the SARS- 
CoV-2 

The possible surfaces or 
points which are made by 
the materials or include 
the objects and toolsa 

50 ◦C wastewater and 0.6 
minute (high titer) on 
70 ◦C wastewater 

Tap water [94] 0.59 day (high titer) Public toilets, hospitals 
or medical centers, 
factories and industrial 
zones, and public 
washrooms  

a Listed by the authors of this paper. 
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2.5. Public transports 

Public transports are exceedingly confined spaces; they make 
exceptionally perfect conditions for spreading COVID-19. The taxi, bus, 
train, subway metro, airplane and many do not have to discuss venti-
lation as proficient as in toilets or houses, and they are indeed more 
motile, moving from area to area, cities to cities and seats between 
travelers are not distant sufficient to preserve security remove. Passen-
gers on public transports have a higher chance of coordinating contact 
with each other and a longer-term introduction to fomites than any 
other open place. The motility can advance obscure spreading carrying a 
noiseless spreader from one end to another, making it difficult to control 
the infection transmission. Traveling by public transport elevates the 
risk of COVID-19 disease [16]. Coronavirus infections are associated 
with flights and speed trains [48]. The relationship between the rate of 
infusion and the presence of a high-speed train station or an airport has 
been shown [48]. The foremost self-evident case of this implies trans-
mission is widespread behavior of COVID-19, beginning from Wuhan, 
China, and presently in over 200 nations. 

Studies on the history presentation of patients have recorded cases 
and cases of imported COVID-19 in nations (Coronavirus disease 2019 
situation reports), and individuals who work as taxi drivers have to be 
detailed and also to be contaminated [49]. A study in China has shown 
that traveling by public transport (trains, buses) contributed to the 
spread of COVID-19 [50]. This depends on the frequency of travel and 
the distance between cities and the epidemic area. In India - a destina-
tion for many international tourists, there has been an increase in in-
ternational cases [51]. Public trains are densely packed and use public 
rooms, food, and shared facilities, making it easy to spread the virus 
[52]. According to recent studies, the Diamond Princess has proven to 
have the ability to dominate transmission type between passengers and 
even consider asymptomatic infected groups. In addition, many cases in 
Tokyo in Japan were related to the party on the Yakatabune [53]. 
Another study had been used to compare the transmission patterns of 
SARS-CoV-2 and its similar previously pathogenic SARS-CoV-1. It can be 
spreading early at even an asymptomatic phase. The two viruses’ sur-
vival and transmission behave the same way. All kinds of evidence 
suggested that public transport users should be decelerated to control 
the disease. 

Table 2 
The possible highest-risk-contaminated points and surfaces of SARS-CoV-2.  

Points and surfaces Ref Important messages 

Door handles [9] The highest risk – contaminated: drawer handles, 
refrigerators, sink faucets in the break room, soap 
dispensers in the women’s restroom, push bar on 
the main exit 

[10] Door handles have been reported due to the 
presence of SARS-CoV-2 

[11] 60% toilet sites (sink, toilet bowl, door handles) 
giving positive results (Patient C) 

[95] The toilet handle’s contamination rate: 5.3% 
[96] Positive sample can be taken from doorknobs at 

the rate of 8.3% - the fourth highest rate of 
contamination within a general COVID-19 
prevention ward in a hospital 

Public toilets [12] 4 out of 107 surface samples in isolation rooms 
were tested positive: two-ward door handles, one 
bathroom toilet – seat cover, one bathroom door 
handle. 

[97] Outside the bathrooms of hospitals, a case of 
transmission between 9 people in public 
bathroom was reported 

[13] There are three transmissions of SARS-CoV-2 
mechanisms: inhalation of feces and/or aerosol 
urine from an individual contains SARS-CoV-2; 
airborne respiratory transmission face-to-face 
shortly after use among users; or from 
transmission of fomite through sites of frequent 
contact such as doorknobs, washbasin faucets, 
ball balls or toilet roll dispensers 

[30] A current systematic review attributed the 
coronavirus prevalence in hospitals and recorded 
that 24% of air samples collected from toilets 
were tested positive, with mean viral RNA 
concentrations per m3. Air is obviously higher 
than in any other areas that were sampled 
(Birgand et al., 2020) 

[31] Destitute adherence to hand cleanliness 
encourages the survival and determination of 
hand infections for transmission to self or other 
planes 

[14, 
15] 

SARS-CoV-2 can survive on indoor natural 
textures, for example, plastic, glass, stainless 
steel, ceramics, elastic gloves, wood, and surgical 
veils 

[14] Infection endures for many hours in feces and 
3–4 days in pee 

Hospitals or medical 
centers 

[30] In China, more than 3,000 health workers were 
infected by late February 2020. In hospital, 
SARS-CoV-2 is easily transferred through 
endotracheal intubation, and bronchoscopy 

[38] In hospitals, coronavirus is easily transmitted 
through endotracheal intubation and 
bronchoscopy 

[96] SARS-CoV-2 was detected on floor, trash cans, 
computer mice, sickbed handrails and in air 
around patient 

Factories and 
industrial zones 

[46]  - The high risk of transmission is due to work 
environments where workers are in close 
contact. The risk of spread depends on several 
factors such as: distance between workers, type 
of contact, duration of contact, other special 
factors.  

- The epidemic prevention recommendations. 
[47] The meat processing workers in Nebraska, USA 

with 5002 cases out of 26,000 suspected cases 
(19% attack rate) 

[8] The food processing and agricultural companies 
in the US, 8,978 employees have confirmed 
COVID-19, 55 workers were reported dead 

Public transport [16] Use of underground trains and bus were 
associated with illness onset 

[48] The number of COVID-19 cases in the destination 
cities was associated with the frequency of flights 
and high-speed- trains.  

Table 2 (continued ) 

Points and surfaces Ref Important messages 

The presence of an airport or high-speed-train 
station is related to the rate of infection 

[98] A 51-year-old male taxi driver infected with 
SARS-CoV-2 in Thailand 

[50] A number of COVID-19 cases in other cities with 
progressively increased correlations for trains 
and buses 

Public elevators [17] The elevator is a space with a simple ventilation 
system that leads to unsafe ventilation 
(especially in hospitals). 

[18] Infection cases from shopping malls could have 
been caused by elevator 

[55] Positive results rate of elevator buttons in 
medical areas is 42.86% 

Traditional/Local 
market 

[19] At the beginning of the epidemic, the rate of 
market-to-human transmission was 2–34 times 
higher than that of human-to-human. 

Wastewaters and 
wastewater plants 

[62] Aerosol viruses can be transmitted through the 
wind during wastewater treatment of sewage 
ponds for transmission in buildings 

Public washroom [66] There are three potential transmission pathways 
in the washroom, which are (1) the facial-oral 
route, when the contaminated hands touch the 
food of face, (2) the respiratory route, when an 
individual is exposed to droplets or particles 
containing the virus, and (3) transmission 
through direct contact with infected surfaces  
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2.6. Public elevators 

The elevator is one of the confined places with high risks of COVID- 
19 spreading. Ventilation plays an important role in virus accumulation. 
The elevator is a common space with a simple ventilation system that 
leads to unsafe ventilation (especially in hospitals) [17]. People have a 
high risk of getting viruses in the elevator because of close physical 
contact. On stainless-steel and plastic surfaces, SARS-CoV-2 was more 
stable than SARS-CoV-1 [15]. According to a recent study, SARS-CoV-2 
can stay on metal surfaces for up to 5 days or 4 on plastic [22]. Both of 
which are often used on the lift floor panels. Even though there is no 
distinct correlation between the positive cases with contacting the but-
tons [54]. However, a high chance of getting the virus infections by 
touching these kinds of surfaces because of heavy traffic of these places, 
making us vulnerable to being in contact with virus. In addition, high 
rates of virus RNA samples were found on the elevator buttons in hos-
pitals [55]. Besides, standing inside such contract space whose zones are 
around one and a half square meters with another individual isn’t suf-
ficient as beads can spread up to more than 2 m when hacking or snif-
fling. Hand washing is at that point suggested after leaving any lifts. It 
would be best to maintain a strategic distance from utilizing them. 

2.7. Traditional and local markets 

The outbreak of COVID-19 is considered to be originated from the 

Wuhan seafood market in China [56]. Therefore, it was of animal origin. 
There is a clear distinction between supermarket and street market in 
how it works. Supermarkets put everything on shacks, where people can 
easily find the items themselves, and the cashier is the only person 
customers truly need to communicate with. Otherwise, in the street 
market, many contiguous stalls are selling: fresh fruits, vegetables, 
meats, etc., and it’s such the hustle and bustle area because of the noise 
from buyers and sellers. The spread of virus directly from human to 
human by droplets has been identified [57]. Exposure increases the risk 
of COVID-19 infection [58]. In addition, markets may circulate animals 
of unknown origin so that the consumer may be a source of viral 
infection, especially mammals [59,60]. Moreover, wet, polluted markets 
are good conditions for virus development [60]. At the beginning of 
epidemic, research in China showed a much higher incidence of disease 
originating from the market than human-to-human transmission [19]. A 
pandemic transmission model was developed to explain the unexpected 
appearance of the new viral strain in the Huanan (Southern China) 
Seafood Wholesale Market, where the first four cases of COVID-19 
originated because most view emerging viruses gain its antigen for 
human receptors while circulating in zoonotic reservoirs. 

In addition, following its previous example of SARS-CoV-1, bats – 
one of the local foods of the market were assumed to be the root of 
disease. A study in the origin of SARS-CoV-2 source posted on Nature 
[61] proves that the gene sequence of SARS-CoV-2 was different. Still, 
little information on pneumonia in animals is available, so the animal of 

Fig. 1. Summary of the transmission of COVID-19 in public areas (Figure created with BioRender.com).  
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origin is left undetected. Another hypothesis suggested an adaptation of 
the virus from passages through cell lines from previous studies of 
SARS-CoV-2 and escaped as well as circulated in the population while 
further adapting. Anyhow, its emergence is not on purpose, and the 
zoonotic reservoir of the virus is still not detected. In recent times, the 
return of COVID-19 in Beijing with many cases related to the Xinfadi 
market is evidence that the market is a favorable environment for virus 
spreading. Other wet markets than Huanan, China can minimize the 
transmission of COVID-19 by keeping distances between buyers with 
buyers, buyers with sellers, and sellers with sellers. At the time of dis-
ease’s peak, closure can be recommended for the safety of all people. 

2.8. Wastewater treatment plants 

Sewage plants are also believed to be an important source for 
transmitting SARS-CoV-2. The formation of particles and air bubbles in 
wastewater can be the main virus transmission [62]. Aerosol viruses can 
be transmitted through the wind during wastewater treatment or sewage 
ponds for transmission in buildings [62]. During the SARS-CoV-1 
outbreak, it was found that plumbing problems and inadequate waste-
water treatment to remove the virus could cause the virus to spread from 
sewage plants [62]. During the outbreak of COVID-19, similar evidence 
was found when conventional wastewater plants could not wholly 
remove the viral load before discharge. In addition, reuse of wastewater 
for different purposes can increase the risk of transmission (e.g., water 
for crop culture) because up to 67% of fecal samples in wastewater are 
found to be positive with SARS-CoV-2 [62]. Fecal-oral transmission is 
common in low-income countries due to fecal waste or untreated sewage 
[62]. Some factors affecting the viability and transmission of 
SARS-CoV-2 through wastewater include temperature, organic content, 
solution pH. In lower temperatures (e.g., cold regions or temperate cli-
mates), SARS-CoV-2 can persist longer. As the organic content increases, 
the survival time decreases, for example, 10 days in a lake and 2 days in 
raw wastewater because antagonistic bacteria can inactivate the virus 
by activating extracellular enzymes [62]. Some organics in wastewater 
treatment can non-specifically adsorb to the virion envelope of 
SARS-CoV-2 to protect them from viral destruction processes [62]. No 
significant reduction was observed at pH 3–6 after 60 minutes. In 
addition, the high population is also a factor leading to the increased 
possibility of virus transmission through wastewater plants [62]. 
Because of the risk of virus transmission through wastewater plants, we 
need a risk assessment and management framework tailored to the 
transmission, including new tools for environmental monitoring and 
adequate disinfection [62]. Methods are currently used to detect and 
monitor wastewater: qualitative, quantitative, and in vitro counts by 
plaque-forming units (PFU). Plants can remove virions through physical, 
biological, and chemical processes. After primary treatment, the plant 
conducts secondary treatment to remove viruses by settling. The treated 
wastewater is then disinfected [62]. For wastewater reuse, compliance 
with wastewater reuse standards is essential because the connection of 
fecal–waterborne–foodborne transmission is widespread. Many devel-
oped countries have used tertiary treatment (sand filtration, managed 
aquifer recharge, UV radiation, advanced oxidation processes (AOP), 
and/or membrane technologies) or microfiltration and ultrafiltration to 
remove viruses [62]. Along with the virus removal process, early 
detection is also an important measure. Biosensor devices are applied, 
and early detection of viruses by quantification of nucleic acids [63]. 
The biosensors should have the following characteristics: 
cost-effectiveness, fast analysis time, high sensitivity, specificity, and 
low reagent volume [63]. In which the field-effect transistor (FET) 
biosensor is better than the SERS biosensor. Paper sensor is considered 
an economical and efficient method [64]. The transmission of virus is 
also dependent on infectivity. Therefore, qPCR (quantitative Polymerase 
Chain Reaction) molecular biology techniques have been used [65], in 
which Capsid-integrity PCR was used to quantify intact virions [65]. In 
addition, there are several other methods of determining the possibility 

of infection, such as plaque assay [65]. Studies on SARS-CoV-2 trans-
mission through wastewater treatment plants have been of interest since 
the SARS-CoV-1 outbreak [62,64]. Based on that, studies on the trans-
mission of SARS-CoV-2 were conducted. The existence of SARS-CoV-2 in 
human secretions has been detected [62]. Various methods for the 
elimination, early detection, and infectivity of SARS-CoV-2 have been 
investigated [64]. In the future, studies on this transmission route need 
to be focused on providing new findings and more effective measures in 
preventing transmission. 

2.9. Public washrooms 

A public washroom is also believed to be a common public area 
directly related to COVID-19 transmission. There are three potential 
transmission sources in the washroom, which are (1) the facial-oral 
route when the contaminated hands touch the food or face, (2) the 
respiratory route, when an individual is exposed to droplets or particles 
containing the virus, and (3) transmission through direct contact with 
infected surfaces [66]. There is a lot of evidence of the existence of 
SARS-CoV-2 on the surfaces in isolation ward washrooms in Singapore, 
Italy, and China, including sink, bow and lid, drain, tap, and toilet door 
handle [23,67–69]. In Guangzhou, China, samples were taken from 
washrooms used by COVID-19 patients and showed 23.8% of corona-
virus contamination [70]. In a single washroom with no ventilation in 
Wuhan, China, a high concentration of coronavirus particles has been 
reported [71]. There have not been any reports on the fecal-oral trans-
mission of the coronavirus as well as SARS-CoV-2 clusters are related to 
public washroom use [72,73]. 

3. Controlling the transmission of SARS-CoV-2 

Coronavirus is mainly transmitted by direct contact routes (drop-
lets). However, indirect contact via surfaces is also an important source 
for viruses spreading among the community. In some cases, it’s the most 
effective route for virus transmission [74]. The use of copper alloy 
surfaces is a successful measure to prevent the spread of viruses on 
public metal surfaces (door handles) [75]. Copper alloys quickly inac-
tivate viruses on their surfaces [75]. Therefore, it is recommended in 
crowded places, gatherings to prevent the virus from spreading to the 
community. Disinfectants have also been found to limit viruses that exist 
significantly and spread through public surfaces (toilet, elevator) as well 
as body surfaces. However, use with appropriate concentration and 
contact time, do not use organic materials to achieve the highest effi-
ciency [76,77]. An example of disinfectant: the 70% ethanol acts as an 
antiseptic solution which is commonly used in hospitals or medical 
centers. It begins to inactivate SARS-CoV-2 after 30 seconds of exposure 
[78]. Prevention has been applied worldwide since the early days of 
COVID-19 disease because coronavirus is easily transmitted from human 
to crowded human places or on highly infectious surfaces. So, when the 
COVID-19 epidemic broke out in China, the government has imple-
mented an emergency [79]. The fact that these measures reduce the rate 
of spreading and the size of epidemic significantly [79]. The hospitals 
and health centers were mentioned too [80,81]. Health workers play a 
major role in disease prevention. All prevention activities at the health 
care facilities must be centered on these subjects [30]. In health care 
facilities, personal protective equipment such as gloves, facemask, 
gown, eye protection is promoted with effective prevention of disease 
transmission [82,83]. Social distancing also plays a significant in 
reducing the transmission of viruses in hospitals, especially in hospitals 
with few single rooms. As soon as there was the first case in Singapore, in 
respiratory surveillance wards, the facility renovation was quickly 
conducted to create good conditions for social spacing [84]. Outside 
people are not allowed in these quarantine facilities. The University of 
Chicago Medicine, United States has introduced [85] meetings and 
conferences should be conducted online. In clinical workrooms, redis-
tributing distance between computers for a minimum of 6 feet is 
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essential. While it is also realigning the working space and time of 
doctors to reduce the density of people in the room simultaneously. On 
call rooms, the distance between patients, cleaning tools, disinfectants, 
and sanitary conditions must be guaranteed. In addition, the methods of 
disinfecting with alcohol gel, controlling information and the number of 
people entering medical facilities, checking the temperature and 
symptoms here have significantly reduced the incidence of disease for 
both medical staff and patients [83]. Currently, social distancing and 
isolation measures are used to effectively prevent transmission. Deac-
tivating public facilities, manage gatherings in markets, avoiding 
crowding are activities that enhance the effectiveness of the above 
measures [86]. Furthermore, the increment of single rooms in hospitals 
and quarantine areas helps to increase the effectiveness of quarantine 
measures [87]. Table 1 shows us the half-life of the SARS-CoV-2 in 
different materials for various points and surfaces. 

4. Conclusions 

This paper shows a need for essential studies on the existence and 
transmissibility of SARS-CoV-2 and its RNA on highly infectious surfaces 
and public places and measures to limit it. Prophylaxis based on highly 
contagious surfaces and public transmission places should be consid-
ered. Centralized spaces such as hospitals, local markets, elevators, 
public transport, untreated and treated wastewaters, and wastewater 
plants, and public washrooms with the presence of many contaminated 
surfaces and points (door handle and public toilet) create favorable 
conditions for SARS-CoV-2 to spread (Table 2 and Fig. 1). Therefore, 
disinfecting and washing hands immediately after touching surfaces as 
well as before and after using the toilet is essential to minimize the risk 
of SARS-CoV-2 infection from surfaces. In closed or crowded spaces such 
as hospitals, local markets, and elevators, it is necessary to wear masks 
properly and keep a safe distance from others to prevent infection from 
droplets or aerosols. In addition to the sources stated, wastewater plants 
can also be a vector that is especially common for countries with inad-
equate wastewater treatment facilities and low-income countries such as 
Africa [88]. Moreover, open defecation habits can also cause additional 
complications and increase the risk of water pollution, which makes 
fecal-oral a necessary disease transmission to look out for [88]. Poor 
urban planning systems, large populations, and transportation diffi-
culties make the problem of wastewater treatment facilities in these 
countries even more profound [88]. Furthermore, The half-life of 
SARS-CoV-2 on different materials, objects, and tools are varied 
(Table 2). Therefore, it is necessary to establish suitable wastewater 
treatment facilities as well as educate the community to eliminate open 
defecation. On-site sanitation as an alternative to squat toilets is an 
effective means of waste treatment in these countries [88]. In summary, 
focusing on interventions related to the highest-risk-associated points 
for spreading and transmission of SARS-CoV-2 infections is an effective 
strategy to prevent and reduce the risk of COVID-19 spread. In addition, 
our study may be the basis for studies of SARS-CoV-2 transmission and 
persistence on surfaces and public places. It contributes to preventing 
and minimizing the harmful effects of this disease. 
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